INTRODUCTION
Zinc oxide occupies a special place among wide gap semiconductors (GaN, ZnS), which have been actively studied because of an increased need for solid state light sources and detectors in the blue and UV spectral ranges [1, 2] . On the basis of GaN and alloys thereof, light emitting and laser diodes in the visible spectral range (460 nm) were developed. However, ZnO is considered to be more favorable for creating UV light emitting diodes and laser diodes, since the binding energy of excitons in it is considerably higher (60 meV) than in GaN (25 meV) [2] . Zinc oxide pos sesses a high radiation, chemical, and thermal resis tance; it is widely used in creation of various instru ments-in particular, to form transparent contacts of solar cells. Due to its unique optical, acoustic, and electric properties, zinc oxide finds use in gas sensors, varistors, and generators of surface acoustic waves [1] . ZnO single crystals are also used as substrates for obtaining gallium nitride thin films, since both crystals (ZnO and GaN) belong to the wurtzite structural type and the incommensurability parameter of their lattices along the с axis is 1.8% [3] . Recently, powders, films, and ceramics of zinc oxide have been finding use in the scintillation technique [4] .
First and foremost, zinc oxide is known as an effi cient phosphor [1, 4] . However, during many decades of research, there no consensus has been achieved on the emission mechanism of the crystal. Moreover, there are a number of models of luminescence that contradict each other (see below). The objective of this work was to examine and systematize basic experi mental data on the optical and luminescence proper ties of ZnO and models that describe them. We also considered possibilities of controlling the characteris tics of ZnO and prospects for applications of zinc oxide.
BASIC CHARACTERISTICS OF ZINC OXIDE
Zinc oxide is a direct gap semiconductor with a considerable fraction of ionic bonding. Many particu lar features of ZnO are determined by the fact that, among the elements of the sixth group, the ionization energy of oxygen is the highest, which leads to a stron gest interaction between the Zn3d and O2p orbitals [2, 5] . This accounts for an anomalously wide band gap of ZnO, E g = 3.4 eV, compared to that of ZnS, E g = 3.7 eV (theoretically, the band gap width should increase in the series of chalcogenides ZnTe
Mixing of anionic p and cationic d orbitals in ZnO leads to a low position of the bottom of the con duction band [5] .
Under ordinary conditions, ZnO crystallizes in the wurtzite structure with a hexagonal cell (Fig. 1) , the space symmetry group is (P6 3 mc). Each zinc atom is surrounded by four oxygen atoms, which are located at the corners of a nearly regular tetrahedron. Other characteristics of ZnO are as follows: the melting point is 1975°С, the density is 5.67 g/cm 3 , the Abstract-We generalize and systematize basic experimental data on optical and luminescence properties of ZnO single crystals, thin films, powders, ceramics, and nanocrystals. We consider and study mechanisms by which two main emission bands occur, a short wavelength band near the fundamental absorption edge and a broad long wavelength band, the maximum of which usually lies in the green spectral range. We determine a relationship between the two luminescence bands and study in detail the possibility of controlling the char acteristics of ZnO by varying the maximum position of the short wavelength band. We show that the optical and luminescence characteristics of ZnO largely depend on the choice of the corresponding impurity and the parameters of the synthesis and subsequent treatment of the sample. Prospects for using zinc oxide as a scin tillator material are discussed. Additionally, we consider experimental results that are of principal interest for practice.
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No. 5 2011 lattice constants are a = 3.25 and c = 5.207 Å, the band gap width is E g = 3.437 eV (1.6 K) and 3.37 eV (300 K), the exciton binding energy is 60 meV, the exciton diameter is ~2 nm; the energy of longitudinal optical phonons is 72 meV, the low frequency dielectric per mittivity is ε 0 = 8.75(||) and 7.8(⊥), and the high fre quency dielectric permittivity is ε ∞ = 3.75(||) and
3.70(⊥).
At high pressures, a cubic structure is formed (NaCl lattice); cubic ZnO is an indirect gap semicon ductor with a band gap width of E g = 2.7 eV [2] . Doping of ZnO films with certain elements (Ga, In, Mg) leads to an increase in the band gap width, as well as to an increase in the activation energy of donor centers and to their stability. An increase in the band gap width of ZnO:Ga compared to ZnO can be judged from the shift of the optical absorption edge of crystals (Fig. 2) [6] .
In the majority of cases, zinc oxide is used in the form of thin films and powders or in the form of small size single crystals. Obtaining large single crystals, which are necessary for the scintillation technique, is difficult. The ordinary method of growing crystals from melt does not yield satisfactory results in the case of ZnO because of a high pressure of the vapor [2] . Mainly, large crystals are obtained using the hydro thermal growth method [3] . Hydrothermal growing of crystals is an expensive and prolonged process. Thus, crystals with a size of 30 × 30 × 12 mm were grown for 100 days [3] . In addition, such crystals inevitably con tain ionic impurities of K, Li, and other uncontrolla ble metals. Optical ceramics, which are prepared by the methods of uniaxial hot pressing [7] and hydro static pressing [8] , serve as an alternative to crystals.
LUMINESCENCE CHARACTERISTICS
OF ZINC OXIDE As grown ZnO crystals obtained by various meth ods and having a size that varies from tens of nanome ters to a few centimeters possess conductivity of the n type, i.e., contain shallow donors, the origin of which remains to be discussed [9] . As a rule, various forms of ZnO, such as single crystals, thin films and threads, nanocrystals, needles, etc., exhibit two luminescence bands-a short wavelength band, which is located near the absorption edge of the crystal, i.e., the edge luminescence, and a broad long wavelength band, the maximum of which usually is in the green spectral range (Fig. 3) . The edge luminescence, the maximum of which is at 3.35 eV and the decay time is ~0.7 ns, has an excitonic nature [10] . As far as the green lumines cence is concerned, despite a vast number of investiga tions, its nature is yet to be understood. The following luminesce centers were assumed to be responsible for the green luminescence: impurity Cu 2+ ions [11, 12] , zinc vacancies V Zn [13, 14] [20] . As a result, the authors of review [20] came to the conclusion that var ious centers may be involved in the green lumines cence simultaneously. This situation obtains due to the imperfection of zinc oxide crystals, the instability of certain point defects, and the variety of their forms.
Data on the position of levels of point defects in the band gap of the crystal also differ. The point is that, in the wurtzite lattice, interstitial zinc ions 
